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Multichannel Optical Add-Drop Multiplexer 

Field of the Invention 
5 This invention relates to a multichannel optical add-drop 
multiplexer employing multi-port circulators and optical 
fibre Bragg gratings. 

Background of the Invention 

10 Multichannel add-drop multiplexers are devices that can 
drop more than one wavelength channel from an optical 
network and then add to the network a number of channels/ 
usually the same number as have been dropped. Throughout 
the specif ication, the terms wavelength channel , wavelength 

15 and channel are used synonymously. 

A number of optical add-drop multiplexer designs have been 
proposed and demonstrated. Such designs include an arrayed 
waveguide grating multiplexer/ a Mach-Zender interferometer 
20 employed in conjunction with fibre Bragg gratings, and an 
optical circulator employed in conjunction with a fibre 
Bragg grating. The latter design is the most practical 
because of the low insertion loss, low cross talk, and 
polarisation insensitivity . 

25 

Recently the inventors have proposed and demonstrated a 
single channel optical circulator and fibre Bragg grating 
based optical add-drop multiplexer using a single 
circulator with either one or two fibre Bragg gratings. It 

30 has been demonstrated that this optical add-drop 

multiplexer can tolerate up to 30 dB power difference for 
in-band channels, and 20 dB power difference for out-of- 
band channels. Such a design is particularly useful for 
local area network applications where different channels at 

35 different points may have largely different powers. 
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In principle, a multichannel optical add-drop multiplexer 
can be built simply by cascading multiple single-channel 
optical add-drop multiplexers. However, this approach is 
not desirable for two reasons. The first is that by 
5 increasing the number of circulators used and, hence, the 
number of ports through which light will be directed, an 
unacceptable increase will occur in the insertion loss. 
The second reason is that if only a certain number of 
channels are required at one location within the optical 

10 network then it is advantageous not to guide all of the 
different wavelengths through all the circulators. 
Therefore, it is desirable that the channels that are not 
required at a certain location be dropped and then added 
in a manner which avoids them having to pass through too 

15 many ports of the circulators. 

The inventors have developed an alternative to the 
cascaded arrangement and one which avoids at least some of 
the above stated difficulties. 

20 

Summary of the Invention 

Broadly defined, the present invention provides an optical 
add-drop multiplexer having at least two multi-port 
circulators connected in parallel and interconnected by 
25 in- fibre Bragg gratings in a manner such that one port of 
one of the circulators is arranged to receive a multi- 
channel input signal and another port of the same 
circulator is arranged to output a multi-channel output 
signal. 

30 

It will be understood that, as a circulator has at least 
three ports, the term "multi-port circulator" refers to a 
circulator with four or more ports and is used in this 
manner throughout this document. 

35 

The invention may be defined further as providing an 
optical add-drop multiplexer comprising at least two 
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multi-port circulators, one port of a first of the 
circulators being arranged to receive a multi-channel 
input signal and another port of the first circulator 
being arranged to output a multi-channel output signal. 
5 At least one in- fibre Bragg grating is located between two 
further ports of at least the first circulator, and 
additional ports of the first circulator are connected by 
further in- fibre Bragg gratings to ports of the or at 
least one of the further circulator (s) in a manner to 

10 place the circulators in parallel. Also, additional in- 

fibre Bragg gratings are provided to interconnect ports of 
the circulators in a manner to permit dropping and adding 
of at least two channels of the multi-channel input signal 
from and to ports of one or other of the circulators to 

15 which no in-fibre Bragg gratings are connected. 

The or each w further" circulator as above specified may be 
constituted by at least two cascaded circulators. 

2 0 An advantage of the add-drop multiplexer of the present 
invention is the significant decrease in insertion losses 
to the channels that are not required to be dropped at a 
certain location within a network. These channels, after 
entering the first multi-port circulator, are transmitted 

25 through Bragg gratings and are delivered from another port 
in the first multi-port circulator. Thus, these channels 
are transmitted through a minimum number of ports. 

A further advantage is the reduction of cross-talk between 
30 different channels and, in particular, channels which are 
not required for dropping or adding at a location within 
the network where other channels are being dropped or 
added. 

35 Brief Description of the Drawings 

A preferred embodiment of the optical add-drop multiplexer 
will now be described, by way of example only, with 
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reference to the accompanying circuit diagrams in which: 

Figure 1 shows a circuit diagram employing two eight 
port circulators arranged in parallel to enable the 
dropping and adding of three channels; and 
5 Figure 2 shows a circuit diagram employing three 

eight port circulators which enables the adding and 
dropping of five channels. 

Detailed Description of the Invention 

10 In the circuit shown in Figure 1 light in the wavelength 
range X^K 10 is launched 20 into port VI of the multi- 
port circulator V. The light is then guided within the 
circulator to port V2. At port V2 all the light exits the 
circulator through an optical fibre 30. The optical fibre 

15 30 has three Bragg gratings A, B and C along its length. 
These three Bragg gratings, A, B and C, reflect most of 
the light guided through the fibre 30 at the wavelengths 
Kf h>* and X c , while all other wavelengths, namely the 
wavelengths in the range A? = [ (X lr ... r Xn) - (X a , X h , X c )l, are 

20 transmitted through the Bragg gratings A, B and C. The 
transmitted wavelengths 7^. are guided by the fibre 30 and 
launched back into the circulator V at port V7 where it is 
further guided through the circulator V to port V8. At 
port V8 all light in the wavelength region hp exits from 

25 the first circulator V. Light in the range of wavelengths 
Xt may be required for dropping and adding at a later point 
within the network. 

At port V2 where light at the wavelengths \ a , X h , and X G is 
30 now present as a consequence of it being reflected by the 
Bragg gratings A, B and C respectively. From port V2 
light at the wavelengths X a , X b , and X c is guided through 
the circulator V to port V3. At port V3 all the light 
exits through an optical fibre 40 containing a Bragg 
35 grating A' which reflects at the wavelength X u and 

transmits light at all other wavelengths. Therefore, at 
port V3 only light at the wavelength X a is present while 



WO 02/30025 



PCT/AU01/01249 



- 5 - 

light at the wavelengths X h and X c is transmitted through 
the fibre 40 to port W2 of the circulator W. Light at the 
wavelength A, a is then guided through the circulator V from 
port V3 to port V4 where it is dropped out of the network 
5 for use at a desired location. 

Reference is now made to the circulator W. At port Wl of 
the circulator W light at the wavelength X a is added to the 
network after having been dropped at port V4 of the 

10 circulator V. The light at the wavelength ^ a is then 

guided through the circulator W to port W2 where light at 
the wavelengths X h , and X c is also present since it was 
transmitted through the Bragg grating A' and guided by the 
fibre 40 from port V3 of the circulator V. Therefore, at 

15 port W2 of the circulator W light at the three wavelengths 
X a , A*># and X c is present. At port W2 all of the three 
wavelengths X a , X h , and X c are then guided through the 
circulator W to port W3 where they exit through an optical 
fibre 60 containing a Bragg grating B' which reflects at 

2 0 the wavelength X h and transmits at all other wavelengths. 

Thus, only ^ b remains at port W3 while X & and X a are 
transmitted through the optical fibre 60 to port W6 of the 
circulator W. From port W3 light at the wavelength X h is 
guided through the circulator W to port W4 where it is 
25 dropped out of the network for use at a desired location. 
Light at the wavelength X h is then added at port W5 of the 
circulator W. From port W5 light at the wavelength X* is 
then guided to port W6 of the circulator W where light at 
the wavelengths X a and X, c is present after having been 

3 0 transmitted through the Bragg grating B and guided through 

the optical fibre 60 from port W3 of the circulator W. 
Thus light at all three wavelengths X a , Xy>, and A, c is 
present at port W6 of the circulator W. From port W6 the 
light is guided to port W7 where it exits through an 
3 5 optical fibre 70 containing a Bragg grating C which 

reflects light at the wavelength X G and transmits light at 
all other wavelengths. Thus, from port W7 light at the 
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wavelength X Q is guided to port W8 of the circulator W 
where it is dropped from the network. 

Light at the wavelength X c is added to the network at port 
V5 of the circulator V. Prom port V5 the light at 
wavelength X c is guided to port V6 where light at all three 
wavelengths is present, since light at the wavelengths X a 
and X h has been transmitted through the Bragg grating C and 
the optical fibre 70 from port W7 of the circulator W. 
From port V6 of the circulator V light at all three 
wavelengths X a , X h , and X c is guided to port V7 of the 
circulator V. At port V7 all the light exits through the 
optical fibre 30 which contains three Bragg grating 
reflecting at the wavelengths X a , A, b , and X 0 so that all 
the light is reflected back to port V7 from which it is 
then guided to port V8 of the circulator V where it exits 
80 the circuit to continue through the network where it 
may be dropped and added at later stages as required. 

20 The circuit diagram shown in figure 2 employs an 

arrangement of circulators and optical fibre Bragg 
gratings which enables the dropping and adding of 5 
different channels at the wavelengths X h , X c , Xa and A, e . 

25 In the circuit shown in Figure 2 light in the wavelength 
range Xyi-Xn 100 is launched 200 into port XI of the multi- 
port circulator X. The light is then guided within the 
circulator to port X2. At port X2 all the light exits the 
circulator through an optical fibre 300. The optical 

3 0 fibre 300 has three Bragg gratings A, B, C, D and E along 
its length. These three Bragg gratings, A, B, C, D and E 
reflect most of the light guided through the fibre 300 at 
the wavelengths A, a , X ht X c , X& and X Q while all other 
wavelengths, namely the wavelengths in the range X t = 

35 [ (A.if-.jAn) - (A, a , Xt, X cr Xa, X B )], are transmitted through 
the Bragg gratings A, B, C, D and E. The transmitted 
wavelengths X t are guided by the fibre 300 and launched 



10 



15 
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back into the circulator X at port X7 where it is further 
guided through the circulator X to port X8. At port X8 
all light in the wavelength region X t is output from the 
circulator X. Light in the range of wavelengths X t may be 
5 required for dropping and adding at a later point within 
the network. 

At port X2 where light at the wavelengths \ a , X^, X G , X& and 
X 6 is now present since it was reflected by the Bragg 

10 gratings A, B C, D and E respectively. From port X2 light 
at the wavelengths X a , X G , X& and ^ e is guided through 

the circulator X to port X3. At port X3 all the light 
exits through an optical fibre 400 containing a Bragg 
grating A' which reflects at the wavelength ^ a and 

15 transmits light at all other wavelengths. Therefore, at 
port X3 only light at the wavelength X a is present while 
light at the wavelengths X^, X G , X d and X e is transmitted 
through the fibre 400 to port Y2 of the circulator Y. 
Light at the wavelength A, a is then guided through the 

20 circulator X from port X3 to port X4 where it is dropped 
out of the network for use at a desired location. 

Reference is now made to circulator Y. At port Yl of the 
circulator Y light at the wavelength X a is added to the 

25 network after having been dropped at port X4 of the 
circulator X. The light at the wavelength A, a is then 
guided through the circulator Y to port Y2 where light at 
the wavelengths X b # X G , X& and X Q is also present since it 
was transmitted through the Bragg grating A' and guided by 

3 0 the fibre 400 from port X3 of the circulator X. 

Therefore, at port Y2 of the circulator Y light at the 
five wavelengths X a , X c , X& and X 0 is present. At port 

Y2 all of the five wavelengths X ag X^, X c , X& and X Q are then 
guided through the circulator Y to port Y3 where they exit 

35 through an optical fibre 600 containing a Bragg grating B' 
which reflects at the wavelength X h and transmits at all 
other wavelengths. Thus, only X^ remains at port Y3 while 
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A a , A c , A d and A,© are transmitted through the optical fibre 
600 to port Y6 of the circulator Y. From port Y3 light at 
the wavelength A b is guided through the circulator Y to 
port Y4 where it is dropped out of the network for use at 
5 a desired location. Light at the wavelength A b is then 
added at port Y5 of the circulator Y. From port Y5 light 
at the wavelength A b is then guided to port Y6 of the 
circulator Y where light at the wavelengths A a , A c , Aa and 
A© is present after having been transmitted through the 

10 Bragg grating B and guided through the optical fibre 600 
from port Y3 of the circulator Y. Thus light at all five 
wavelengths A a , A b , A c , A d and A e is present at port Y6 of 
the circulator Y. From port Y6 the light is guided to 
port Y7 where it exits through an optical fibre 700 

15 containing a Bragg grating C which reflects light at the 
wavelength A c and transmits light at all other wavelengths. 
Thus, from port Y7 light at the wavelength A c is guided to 
port Y8 of the circulator Y where it is dropped from the 
network. 

20 

Reference is now made to the circulator Z. At port Zl of 
the circulator Z light at the wavelength A c is added to the 
network after having been dropped at port Y8 of the 
circulator Y. The light at the wavelength A c is then 

25 guided through the circulator Z to port Z2 where light at 
the wavelengths A a , A b/ A d and A e is also present since it 
was transmitted through the Bragg grating C and guided by 
the fibre 700 from port Y7 of the circulator Y. 
Therefore, at port Z2 of the circulator Z light at the 

3 0 five wavelengths A a , A b , A c , A a and A Q is present. At port 

Z2 all of the five wavelengths A a , A b , A c# Aa and A© are then 
guided through the circulator Z to port Z3 where they exit 
through an optical fibre 800 containing a Bragg grating D' 
which reflects at the wavelength Aa and transmits at all 

3 5 other wavelengths. Thus, only A d remains at port Z3 while 
A a , A b , A c and A© are transmitted through the optical fibre 
700 to port Z6 of the circulator Z. From port Z3 light at 
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the wavelength X d is guided through the circulator Z to 
port Z4 where it is dropped out of the network for use at - 
a desired location. Light at the wavelength is then i 
added at port Z5 of the circulator Z. From port Z5 light 
5 at the wavelength X& is then guided to port Z6 of the 

circulator Z where light at the wavelengths X a , X h , X c and 
X e is present after having been transmitted through the 
Bragg grating d and guided through the optical fibre 800 
from port Z3 of the circulator Z. Thus light at all five 

10 wavelengths X a , X hr X Q , X d and X e is present at port Z6 of 
the circulator Z. From port Z6 the light is guided to 
port Z7 where it exits through an optical fibre 900 
containing a Bragg grating E # which reflects light at the 
wavelength X Q and transmits light at all other wavelengths. 

15 Thus, from port Z7 light at the wavelength X Q is guided to 
port Z8 of the circulator Z where it is dropped from the 
network . 

Light at the wavelength X e is added to the network at port 
20 X5 of the circulator X. From port X5 the light at 

wavelength X e is guided to port X6 where light at all five 
wavelengths X a , X h , X c , X d and X e is present, since light at 
the wavelengths X a , X h , X c and X d has been transmitted 
through the Bragg grating E' and the optical fibre 900 
25 from port Z7 of the circulator Z. From port X6 of the 
circulator X light at all five wavelengths X a , A, b , X c , X& 
and X Q is guided to port X7 of the circulator X. At port 
X7 all the light exits through the optical fibre 300 which 
contains three Bragg grating reflecting at the wavelengths 
30 A, a , A*,, X or X& and X. e so that all the light is reflected back 
to port X7 from which it is then guided to port X8 of the 
circulator X where it exits 950 the circuit to continue 
through the network where it may be dropped and added at 
later stages as required. 

35 

Variations and modifications may be made in the 
embodiments of the invention as above described without 
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departing from the scope of the invention as defined in 
the following statements of claim. 
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CLAIMS; 

1. An optical add-drop multiplexer having at least two 
multi-port circulators connected in parallel and 

5 interconnected by in-f ibre Bragg gratings in a manner such 
that one port of one of said circulators is arranged to 
receive a multi-channel input signal and another port of 
the same circulator is arranged to output a multi-channel 
output signal. 

10 

2. An optical add-drop multiplexer comprising: 

a first multi-port circulator, one port of said first 
circulator being arranged to receive a multi-channel input 
signal and another port of said first circulator being 
15 arranged to output a multi-channel output signal; 

an in-f ibre Bragg grating located between two further 
ports of said first circulator; 

a further mult i -port circulator connected in parallel 
with said first mult i -port circulator by means of further 
20 in-f ibre Bragg gratings; and 

additional in-fibre Bragg gratings interconnecting 
ports of said circulators in a manner to permit dropping 
and adding of at least two channels of the multi-channel 
input signal from and to ports of any of said circulators. 

25 

3. A multiplexer as claimed in claim 2, wherein said 
further circulator is one of a plurality of further 
circulators, each connected in parallel with said first 
multi-port circulator. 

30 

4. A multiplexer as claimed in claim 2, wherein said 
further circulator is one of a plurality of further 
circulators, said further circulators connected in series 
with each other and each connected in parallel with said 

35 first multi-port circulator. 

5. A multiplexer as claimed in any one of claims 2 to 4, 
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including one or more extra in- fibre Bragg gratings, each 
located between a pair of ports of a respective 
circulator • 



6. A multiplexer as claimed in any one of claims 2 to 5, 
wherein said further circulator or each of said further 
circulators comprises at least two cascaded circulators* 
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